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ABSTRACT

The dev_lo_nem ot'a_l results obtained with a variable r_solution stretched-grid CrCM

for the r_'giortal cIimam simula_on mode,ar_ presented. A _obal v-_riab[e r_olution strembed=

grid used in the smxty, has _ hori_m_ resolution over the U.S. as the area of"

The _d a_m_ach is an ideal tool for re1_r_enting r_onal to g:Iobal scale

interactions. It is an alternative to the widely, used ttested _d approach introduced over a decade

ago asa pioneering_ hare_'onalclimatemodeling.

The major r"-sultsofthestudy_ p_sentedforthesuccessfidstretched-gridGCM

simulationoftheazx)malousclimateeventofthe1988U.S.summer drought.The straightforward

(with no updates) two month simulation is cerformed with 60 km re_onal r_olulioru The major

drou_-_t fields, pa__.-m-__d c-=..azacteristica such as the time ave,"ag._I SPA}hPa heights,

oreci_itatiom and _--- '-
• . ,_w le',-ei jet over :i-.e_"ought ai_,.a. _.oea_- to be close to _e verifying

analyses for :.he s-a',e-.-t__grid simulation, h'_other words, CRe_tched-grid GCM provides an

et:ficie_t dov,,-n-s)caEw_gover t.he ar=,.aof int..,_a.stwith enhanced horizontal resoludom It is also

shown that uhe sn'etc__._d-_o-ddC-CM skill ;_sst_stained ".b_rou_-1out:,he simulation e_.znded to one

,._:e-_e',ele:_'-.2 _".d :_ in a sk2:Lz:ion mo.le sn-.=tched.:--_i_dGCM is a viable tool for

re_onai a_",dsub_ccai:; cibn.a:e s'cudies _-.d :-pplice_vlorts.



I. _ction

The wide_--used nes_I-grid approach ,-'_._ts a pioneer/rigfirststeptowards reliable

regkmal climates/_nul_om (e.g.Dickinson et_l.1989,Helke etaL 1992, Gior_ 1990,1995,

Juang and _ 1994, Caya and Laprise 1999,Pan etaL 1999).

The n_,d approach toregionalcI_r_ modeEng was coming mostly from and was

machO- _ccepted and _ by.the r,_onal forecastorI_AM (Iknked areamodel) modelers as a

naturale-_ensiona_I new applicationofth/s kind ofmodds. The va-_able-resolufionstretched-

grid (SG) approach isco_g mostly from thegiolmlor GCM modelers as a new applicationof

_obal models inthe v-a/ableresolutionframework, with enhanced r_olufion forboth prognostic

fields and :s,ounda_- f_ over the area of_t_-r_T_

:_'.e vagiabie-,"=_solu-don s'a'e-tched-g-_d fo .r-_oast mcde!s have been fL=s_developed in the

late 70's.._ey' are s'c_.--_I,:- used /'or ope__donai _-ho_-_.,-n., 2'-48 hour, t'e_c_ting. A: the

CMC (C_-.adian Nfe'..._roIo_'c_ Center), a g'id p,oi='-t model is us_ since the e_!?" 90's

(Sta_brr-... and Mir.eb¢_ I975, Sr.aniZbrdn ar.d Da/ey 1979, Staniforr.,_ I995, I997. Cote et ai.

I993. Cc-. _ I997). rmd...e_,.c_,,.:. L_._he late _O's :he leve!ccme,,-.t cr _e v_._4"iab_*resolution

s:.-etc-e!-_.d sgec_--",Z -,:,dei v, zs s-'_-.ed at -V.'e:e_?._nce 7o_--:.Z_- _-":d C-el-_':-. [.aSS.! _kn__ the

approach -:_',eloced _,-. ---_!_: :1977). The -_c-,dei !s used 5:.r ,'----,_;-, '
• c.. ..... unto sher:-'.erm forecasting

since me mid-90's (e.m ':'essad _".d Benard ; }':6' T':e firs, _gior_ cthmate si.rr,'iation was

pe_brm_ with _e M_-m-Fm,,-.ce model in _-e mid-,e.O's COea-_uea:'.d Piedeiie,:rs :.995).

C_.,, van_.,, .'-_ol'--ticn models have _-_n _=w,',--.-,_ for "_icna! ,-_,[:--w
........ -w_- .... _or_ (e.g.

_-e_:= ' _ _ .:. HardL'<:r _ .:97. v-C,-_=or __nd Y'-_'ev ! 995 :. Tr., Qcddm-! =&_-_. '.Observing

Si.stem _C--OS) s'c'_=:c-.ed.:_--_d _SG)-GCM is -ei:'.-z fieve[c.-ei b? --.e au'hors_..... :,he mid-90's.

At the firs.-: _'age of--.e :e',e!osment, the SG _: ..a: .... al co:. _ .., <-.e He!d-Su,_-ez .":-zmewo_< (Held

and q: ,_-=- ]994,)'.; {C".: _-: -,,,-s--,-'_,. (z [":at s-nlce ,_ =, _-._
• ,---...o.._ _':d "horou_-.[v tested hn the

¢, .... '2-!2Z ":".l! m ...... - .... i-:e _--.7_.!,:,_ * ..... F: =:.R,_b:.. : "_: 757 ' " "

core has :.-.e :':nite-d!-_r_..'-.ce !'.,-z.mics idendc:- :o/-at of'.:.e GEOS GCM (Sua:._z and T£<acs



1995,T_kacs ami Suan_ 1996) and a Newtoniaa-:ype INlysics (Held and Suarez 1994). The finite..

di_ dyr_cs has been adjust_ to a _aJ_l_-t'_olufioQ _-u'_b.ed-grid and the

computational problems r_lat_ to variable r_o/unon have been successfi.dly resolved. In the

fotlow-up study with the dynam/cal core., a r_I Om_c forcing was introduced. For the case,

the filtering technique was refined, and the down-scaling effects were confirmed. The

experiments whh the SG_cal co_ have shown fl_at the _-'_'etched-grid approach provides

the efficient down-scalkng over the ar_ of inter_x_ It _pears m be a viable cand_dar_ for cost-

effective regional modeling not oaly for a short-term bm also for medium-range and, most

h-nportanfly, for long-term regior_ _-_gations. It was an important step towards developing a

full diabatic strm_hed-gr/d GCNL

Relying ,-'port the obtahn,ed :-esuhs, _e a'.-_',.crs ccncIuded :,kat :,he gIc_al sa'etched-_d

approach has :o be expiored _ _ aite,"n.adve me'2".cdotc__,- to d'.e current widely used neszed grid

approach. The following comments otrdk.-'.esome d'_ySe,.'_,ces of.he swetched vs. neszed ._'/d

approac,h. The nesz_ed __-6dapproach has the foiIo,,_L-g _-._vanta_. _ne computational efficiency.

is _2_'_ due to • ;'-_
_ us_.= a re_onal h'_-a,_5on domain, t--.-e:-e_s the possibi_i_': of ,:ombir,.k,,,g the outer

_v_-_-_- GCN! ._-r..... :.-_- '
_,.,..t.._,. .. "S Z_'_e'C_Oie tO 'J.se the

GCN._ p,hysics for £-e ir'_e: mc_et (e.g. Ca':a _d L_L_-:-__e-999). _nere aiso exiszs the possibility.

offing z _emarb.La'ion re_en_ model (!L'<ethe NCEP _e_6onaJ Spec_--al Model (J ,ua_.g and

Kanam_r.su [994).

D,'" :o :,he _!oba! i,-.:e__-z:_endem_;n for ",_-_; ..... -_ ..... - --_ - ............. sol_..on _,_e._,.ed-_o_,d models there

_e .-.o :cur.c_,- cc..-.di:icr_s__-.d.-.c.ccm:,_-.2t-cr.a :--_r _'ound -he .... of - .....- - - -.-- _...... s_ is needed to

con:.-o[ :2":ebo,.u'.d.__--.'condi2cr-_ :r;b[e:':'..s. _ne g'.:;za_"._'iabie-resolu::.on apcroach to regionaI

_._:OwS .... "- • • '- " ' "
- ,or._=-_.,.-mi."._atlons to be autonomously

_e_..-rT.e£ '._!:hou: :he .... _ -_ _ _.-vi,g GC.X,I :: -- , :_
_o....... OU_or :enod:c uTdating of

COF.,ZZ:ZCF_ -a- -_,_ .-_-Z:.OY, .q _" "; " _-.,_. , ,
.... " ' _5 ,_---:: ....... ;. w, cce;5, _e,_odic re-

tnz..... z_.2.o,. ,z- cc..':.ditio.q.s t.":ouL':eut -':e re,on _. :r.:eres:. [.: z'.__oavoids _heneed :o apply



damping teclm/ques w_h/n a computafioGal buffer r_j_om Both the updating and noise damping

ar,e_requir_ in aested-gr/d models to control severe computational noise arising from the

application of [arm-al boundary, conditions. A further advantage of variable-r_olufion stretched-

mid models is that they provide self-consistent inr._-acfions between global and regional scales of

modon and theft- associar_I phenomena= In other words, ,using one vadable-r_olut/on global

model results in a better _on of a delicate balance between _obal and coronal scales.

.-Llso, there exists the possibility of introducing a mesoscale non-hydrostatic SG-GCM. The global

non-hydrostatic models are being developed (e.g. Semazzi et al. 1995, (_an et aL 1998, Yeh etal.

1999), and the strg'tched-._ffd approach is a practical way to use them for regional integrations.

The s_-_ched-_d approach provides the poss_itity to use such a fine regional resolution

inat is not avmla_bIe otherwise for C-C,X,_. Actually. any GCM resok._ion can be made at [east 2-4

_mes finer for _':.e wen of _nte,.-_s_,i-.,rou=h t_heSG-approach. Dependkng on the _onal resolution

wed, the computa_onaj savin_ a,_ at least one order of magnitude compared to computer time

needed for r_hecorr_p<_nding con_--x_lrun with a _obal u.nLform fLr:e_-id GCM. Therefore, the

',_-r_able-resok.-dcn s_-"etched-_om-,_d_odels provide a scientiScally _d practically a_active

--ossibilit-,' of --e.-:'orzn..inc,--,-._--: ._,
• " _ ........ _,_ _ono._Issut:_onal in_e_"__:ionswith _.-'.e,"resolution

:.or an area of k".:er_t d-,_-.._nare L:_'<e!yto be possible L=:A'_eforeseeable _re v,i._-,fine uniform

--"obal grid models (Cote .99,. Fox-Rabhno_-itz et aL I997).

It is ncte,_,-orr.hy _ the ccmpu'tationaI efficiency, provided b'! _e stretched-grid

z.--proach, is nc_ Cne oniv r_...ason cr _tionaI for its pm_ical impleme.-.:ation. It is ,_: !east equally

-- even more L.-.por'_-.t r_hazr_.ro,.:--'Zz£_s approach "-ne_cient dov, n-scalin._ is obtained

to,resenting fz.e ".':d ,,..,-,- Hne re,thai mesoscale _eids. dia_o_nostics, and phenomena.

All _e-:, _
..o_ _ conside_tier.s explain why _e ','az_able resol-_:ion str_,che_ grid approach

con_,,.. .... as " _able ak__.-n,,a_i,,,ecandidate for regional c_:mate mcde,_ .... At the same

::_.e ,,re wou!_ L!'.<e-_ e,-.,_-_-asiz.- :.-._: ,_ c,_cima/choice _--_
• -. ,..._een ,_- _, r,es:ec, c.- stretched-grid
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approach should be carefi.qly made for differt_ application. Also, the combination of two

ag.croaches may appear to be an attractive optimal choice.

Note that according to Lindzen a_d Fox-Rabinovitz (I 989), the consistency of horizontal

and vertical resolution shoQld be preserved. Therefore, an increase of horizontal r_olution has to

be accompanied by. the _g _ of vertical re_olufiou. In _ study we rely upon

rather fine vertical resolution (70 layers) used for the SG-GCM experiments.

It ks worth clari_ that the term "down-scaling" for a dynamical model or dynamical

down-scaling is widely used for nested-_d models driven by a coarser resolution GCM or

rear.a/yse_. For the nested-_i_'d models, tfiis term is associated with the abrupt resolution chan_

ber, veen _e inner model and outer model or reanalysis forcing. It seems a_pmpdate to adopt this

te..':-_..:br _.e SG-a.ppmach =hat 'uses a ,n:retched grid with _o_'adua_lv;arvL-:z _lob_ msoit._on..-ks a

res=_: -:e i_-ge and medium._-noodc scales are produced away fi'cm _e _on of inter_s-t while

f'me: mes_c_es are _o__duaily hntroduced when approaching _e m_-e'aof knter=st (and its

im.m_--_arz vicirL[t?'). Tr:e e'=ciency of such a dynamical down-scaikng for :_heSG-GCM regional

sim:'.'a_on :ode ks _n;_f_..z_ in the sm_-.

...... :_ e'. -_nt O2 :a_.e ;" c, ! 98_ 5_.-:'2:'.,e: d.'o_".t _:'ew a

o • .
>I=_-_'/:C_-.'i_en_on o:-:---- ' "

: ...... _oLo_sm and :_-_ _oro_,.-_n_,_,,_=_:e,. ,_ = Jaaowiak 1988.

Re_. .... s.<: t988, Namias [991, Mo et al. 199I, Og!_by and Enk_son 1989, Oglesby 199I,

Trer.L'e,-2: and Bra_r_tcr [ ,_--'9._,Atlas eta/. I993). This event was chosen for inter-comparison of

nes:e_ ___:.:2:-_onat mcde's -'r PFRCS (Pm_iect to [ ...... ompax_ R - _'.......... e_.n_. CH:'nate Simulations)

(Ta-:_e e: a:. :_99).

'.--1.:.-_ex.'.e_i'_e!:, in'. _.'.izated anoma!o,asregional c[ima:e .... : o:-_.e U.S. 1988 -, ....

dro'..zi-.: is :-osen for C':£sSr:dV for testing "-=edevelo.:ed SG-GCM :.n the s.'ra[_nt='orwm_d

s n-._iz:!on =.,:de. Our ..-.a:,_, zea! is s;udv;---- -_ :..-,.--- -- -" - ......... --., or vm-_abie ....... "• .->o__..:n _n:e,=n.s ofre_onal

do'.:.r-s:ai:.-._. :a--.er -2:a: --- 2::c!:g _.5.ec_e _=.:d'. of ::-.e e',ent.



*o

The key.obj_ ofthestudyare:developingtheSG_ providingan e_cient

down-scalingovertheareaof_ withenhancedfinehorizontalr_solu_ion,and consistent

interactionsbetweenr_'o_fland _obal scalcs_andtestingtheSG-C_rCMabilitytosimulam an

anomalousregionalclimam event_

A descriptionoftheGEOS (GoddardEarthObservingSysmm) SG-GCM ispresenmdin

Section2.Section3 and4 aredcvot_ltodiscussingthestraightforwardsimulationr_suks

obtained with the SG-GCM for the I988 summer, for _obal and regional fields, nmpecfively. The

conclusions are given in Section S.

. ,_ - _

2. A brief description of the sn'e'.ched-erid design and the GEOS SG-GCM

:- The su-etch_-grid _,gn

-E:e s_'etched-:__d us_ :_: _-Asszud7 for uheGEOS SG-GCM ks similar to that of

Lntroduced in Stanifor& and M:.:che!I (I978) and used in Fox-Rabinovitz et al.(1997) for _e SG-

dynamical core expe,_ems (Fig. I). T'ne sn'etched _oddhas a uniform (latitude x longitude) F_ne

nsoIution over the ar_ ofinte,_-: ":,bAchhas to _ a sphe_cal rectan._e. Outside the area of

• . . . . . .

u-.:erest, the _c inter,::: :,-e "ncr__.::_-:.zor s:".e_r--:_ [:: ..-.or_'-:latit:-'dinzi _d lon_mdina.I

,-._,ct,ons zs a zoomed: _ro_o-"es.-sic:with t::e corms.ant Ioc_ _m-etching factor or ratio define.7: as

foilows:

"._here dx, and Lx:.l are _-_e,':: __::_ L':te_als. ::dj is the horizontal index.

T,.. to_lglob::---":-etcmnz ::_::or is dez:m_ zs

: = dx=._,"±c.._, (2)

'.-,-ere d._m_ _':d d.x_m,:: ::e the ma:dmal and minimal _om,d kntervals on the sphere, respectiveb.,-.

:,V::-,:n ::':e por_-:e s:retc.:-.e.f.-__-_,dd,s,_.. :.:':4area of :nterest., _ a uniform fine

.....Z,?,_, :--230:'-:iOi"l3s_.._._za[ .....,_--:_
• :...state: ..... an': pan o." ::':e globe such as --e

:e::angle o_er "_-.eU.S. _'_ in C'::s s.--dv. Note ::':an :fthe _'ea of interest includes the polar point

¢



or _ the vicinity of the pole the stretched grid is robe rotated so that, for example, the polar

poh_t wiil be placed on the equator in the rotated coordinates.

In order to keep trader control tmciesir_ computational problems arised from grid

irregularky, some important properties of the stretched--grid design have to be imposed

(Vichne,,_,sky 19g'7, Fox-Rabinovitz 19_, Fox-Rabinovitz et al. 1997). First, the str_hing

should be uniform, i.e. with rj =3D consmm for all j's. Second, the stretching has to be well

contmlI_ or moderate in the sense that the local stretching factors should not usually deviate

from unity by mor_ than about 10%. This allows one to have very fine mesoscale resoltrtion over

the area of interest (e.g. Cote et al. 1993, 1998, Cote I997) while allocating a si_dt'icant

perc_'n _t._=_of the to_al number of global _d points within the az'=a of inter_. This reduces the

ar..,ou-T,tc: :ompu'_.ztior'.s n _e-ededover the ,-'_; of the globe. Third. to keep r_':.eoverall accuracy of

a_pmx.L.-:zfion under ccn_-o{ for the mode_..r.._ stretc:-_g strate_o?, mentioned above, the maximal

g.dd inter;_s have to be not larger than a few (2-4) degrees to be quite close to the resolution of

typical GCNts. I-his ts needed for preserving the general integrit?- or realistic skill of global

..... i.... 5e!ds C=azis ::._sa:-, for pro',_d-cg consiszent Lqterac:ion.s ' _ -_,_
oe,,v _.n global and

:e_ona! -::ares ::=:_uo._-:.cu_5C'-GCM inte=_'2_or.s.

-': !s note'.yarn.by _-_._:C-.es_ctly cer._'oiied SG-pa._..meters needed :'or Cne re_onal climate

sim,'.:iador, mode could be r_izxed for other modes of integration such as a shor:.-_.erm for_zasting

(Cote et _. !993, I998) and _rz assimilation modes.

C:e choice of _-cet=_ed-=n-idpar_...r=._e_ depends on a pan..lcular mode! _esign.

cor._'-:r=--_, :eq'-v_rem..e:_s._-=dmodes of]:'.:e_at]on. It also de_:=ds on a mc_ei's numerical

scheme.

:.:e stretched =-_.d,'_ed in this stud: has the same number of grid poin_s as the g!obal

...... _:_-_..e __'=.dC..G _but redisL_'u:ed ac:ording to a SC--design (F,iz. l). The 2x2.5

LC-rzz :._--_efi_ z'._ :- Sec-!zz _ as a refer._zce ._zr.'._hen _naI', z:- : _.he$G-GCM simuiation

....... n .... s: i.=:-e spher;,cai :_:angle over the U.S. '.;ith 60 km u=iform resolution

=L_" •



and _ following coo_ from 2_t_ to 50N and 75W to 125"W. For the stretched grid, the

[ocal _-tr_tching factors _q.(l)) are _7% and _5_A and the total _obal s_'_hing factors (Eq.(2))

are _9 and -8 (that corresponds to the maximal grid intervals of approximately 5 and 6 degrees),

for l_des and lo___a_les, r_pective_. The _hed grid has approximately 9 times less grid

points than that of the global uniform 60 km resolution grid.

As an optiort, the spherical grid can be rotated so that the area of interest is located, for

example, about the .--xtuator in the rotated coordinates (e.g. Takacs et al. 1994). Such a rotation is

not necemsa-y for the U.S. region but as it was mentioned above it makes sense for the regions

including the pole or located in a close proximity to the pole.

b. A brief description ofr.,he GEOS GCM

_'le GEOS GCM was developed by w,e Data .Assimilation O,:_ce (DAO) at the NASA

Goddzrd Laboratory for A_-mospheres. Fine earliest predecessor of the GEOS GCM was

developed in 1989 base'd on the "ptug-compati:ble" concepts outlined in Kalnay et al. (1989). The

CICN[ .,v_ _ub_._u .... ., im_ro'.e5 in 199i (Fox-Rabinovitz. et _. !99t, He'fa_.d etal. 199 I). The

Re_ed _-_;-_._ _ _..-_. _-, cu_7.u'lus ccr.:ective Zc_'_etenza.:,on z;'.d uhe re--e',aporation of

e_rtin_" _'-_L'I_e based .'-'con fine works of Moor_._hi_'.d _ '_arez ([992) _-.d Sud and Molod (1988).

The !ong-v, ave and shod-wave _diation ;,sparameterized follov, ing Chou _d Suarez (1994). The

plane _r.a.,'y.bounda.,2- layer and the upper level turbulence parame,,_,Szations are based on the level

2.5 cic su,-e mode[ ,__fHei:'_d _".d Labr-zza (1988) and Keif_d etai. ( 199 _). _,e oro_o_-aphic

_",:-. ',;z',e d.'zz --_'_':'.e:enza::,en fol',c'.vs Zhou e_ a!. t !.995). "IT-emodel physics is updated

'.vhh dLfferent "-...... :
, ....... c._ r_-,._.-,4 from ever: 7.vo cvramics time steps for n_-bulence and gravity

'.rave d_z. rk'_ree%.....-, :._ .... _ time szeps for moist processes (convection and large-scale

_ • •o .

.-rec:-_:zz':o."..I. to .or.e hc,,r for ._Z-.o_-wa_e __c.d:hree ?.curs for tong-wave radiation. All model

_-2',i:ci u.-ca:es _:e _--erz:ec. _-.C applied zt e',e,'F ":..-7.es:e9.



Themo_aetmirnequationsusedhatheGEOSGCMarewrittenin the"vectorinvariant"

form,asin Sadottrney (1975) and Azakawa and Lamb (1981), to facilitate the derivation of the

_er_ and potenxial enatr_uhy conser_ng 4th--order differencing scheme. The thermodynamic

(potential temperatta-e) and moisture (specific humidity) equations are written in flux form to

ffa_ilitate potential temperature and moisture conservation.The Arakawa C-grid is used for

b.orizontal approximation. For vertical approximation an tmstaggered Lorenz (I 960) grid ha

zeneralized sigma coordir,.at_, is 'used. The vertical differencing scheme is described in Arakawa

_d Suarez (1983). The time integration is done with the economical explicit scheme (Ames

1969, Schtmaan 1971, Brown and Cambxina 1978, Fox-Rabinovitz 1974), based on a leap--fi'og

scheme with time averaged pressure gradient. The scheme allows one to use approxdmately twice

_-ger time szee-,s than, those of the _eap-ff-og scheme. A comple:e description oft.he fourth order

5.:Ste-difference --r, ,-.,;, .used t:_e
_,-,.e .... in dv:'.zmica/core, c_ be found in Suarez and Takacs (1995).

Since the em-t.v90s. the GEOS GCM is rou_inely run with 2 x 2.5 degree horizontal

•-_olution and 70 layers L.nthe vet/ca[ covering the entire n'opospheric and stratospheric domain

.-e.-'.veen .::-.e5'_ace _d -:.e 0.01 _'Ja Ieve!. The GEOS GCM was devetoped and ,used for

..... _-,,::. z:,ccaa rea.-._rv_es for c'.:.-..ate a:_hcat:on.s. [: is a!5o ,_ed for [ong-term simuIation.s

__-z:'.-._ t:-.ose oft.he .a2vE? (.-k_-m-oL:i'.enc .X,[ode[ [nter-comp.a_-fson Project).

-L

c. Confi_,.u'at[ons of_ne GEOS SG-GCM

A: ,5-.ectu-re.,,.t sm_e of_he _G-GC.X,[ deve!opment. __s'cetched _d is full? implemented

!.-.:: "he mode! _':nam!ca_ ,:ore wi£n reai cro_aFb,? zs described b? Fox-Rabinovi:z et al. ([997).

.-'Z:.",_ _vi-h in_-oducir._ a s:retched-__-id coordinate array, some interpolation tecb,'_.Jques

de.-_endin_ or', a _5_d definitS_n were rood!fled accordingly. _ne model r_Itering l_r_edure has also

-_-........... --_ --_quired ::_r a stretched =:nf.:dbv Fox-Rabinovitz etal.

10
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The progno_c variables (wind components, t-_mperatta_ moi.s-tta_ arid surface pressure)

for the .dynamical model state are updated and stored on the model dynamics stretched grid. The

diabatic tendencies ar_ updated at the appropriate physical/comptm_donal dine-scales on their

own phys'ical (intermediate uniform) grid. Then they ar_ interpolated, prorated per time step and

applied at every time step to the model d3mamics stretched grid. Therefore, the whole integration

history, resides eflF'ective[y on the _-tmtched grid.

Such an approach is justified by the assumption that model physics and dynamics can

have different temporal and spatial resolution. This subject has been discussed by Lander and

Hoskirts (1997). For a spectral model, they advocate using coarser resolution for model physics

than for model ._cs, and fur_er conclude that similar considerations also apply to firdte-

_;-fference and ffmi_-e_ement mode!s.

At t_his _"s-t r,a._ of_e SG-GCM development :mnplementing model physics on an

untermedia:e un_-orm _"esolution gr_d allows us to avoid some potential complications that may

a_-se from caIcu.Iating a,I model physics parameterization.s on a stretched grid. [t was verified that

for such a comb_.ation of_e SG-mcdel _narnics and Ln:ermediate uniform gr_d model physics,

--e medei 7h?sics ca.:rares ("sees", :L",efiner sca!e pat_e:r.s produced b,. :L-.emodel dynamics on

"--.est-etched m-_d. Fi.g.2 shows :Lze---start_taneous regiona[ patterns ofs,yecific humidiq,, at 850 h.Pa

cL-r.,ined on _'_es'cetc_.ed-grid (<_.e upper panel) and intemo[ated onto the uniform intermediate

rmolution g-'{_d,used for model physics calculations(the bottom panel).Both patterns show similar

:-_--dien.:s m-.d oC'.er f_-_-r-',-es.Tr_ssk-n,ilari D- _<es place because the mode[ dyna_mics and

o:_zahic ":-rci'_= ,-_ :L_.ewhole :.-rogation restore, •resides effective[,: cn the stretched grid.

A: :_-.enex +.szage of the mccei development, the model physics parameteHzations will be

_=_duaIIv (or.e-b,,---,c_) implore ...... on a stretched grid.

Orc=--'Taph? is :a!cu!ated _!:ec:Iv on a s:re,_ched-_-:_,_d by averag!:__. '.vi:hin ,_wid box. the

\"'" ! _, 5 - " .
.... ." .. deg"ee ,'_'.-.zce ere', z::on da:ase: a;aitabie from the Nati,'_.al C...... for, am*a-

--,-,,o_,,e:':c R.._ ..... !.-NCAR). T'.-.e=:'ridbox averaged orography is passed :hrough a

I[



La_1966) filter inbo_ dimensiooswhich removes the smallest scales while h_%idng Gibbs

.N_enomena Crakacs at at. 1994).

The stretched _-S_ds-imu/ation kscompared below _ that of a reference run performed

with the global uniform 2 x 2.5 degree resolution grid with tho same amount of grid points as that

of a stretched grid. A Sl_2ct ultimate walidation a_pmach used in this study is comparing the

simulatedfieldsagainstdam assimilation,orr=malysisproducts.Itallowsus toca/cuJatethe

.mean errors or biases as the deviations of simulated _elds fi-om the comesponding verifying

.-t:

3. Global seasonal fields for the 1988 summer simulation with the SG-GCM

W'e _,L?.._ _-" _ - " c- -_-._

-_?rm_ ._., r_uIts ofC_.e SG-GCM 5L'nula_on with p_se,ndng the global model

f.e!ds for _e I9S8 s ,un:_m_ season (7_-.e-J'uly-Au_._ or J'TA). [n this s_tion, we wil! focus on

d"--cussing _he _obal _.==_-_! of sh'nu!ared fields a!uhou_h .:he SG-GCM has been developed with

---e emphasis on :s_or,.a/climate sim,_adon. Ln the conte._ of reform[ ciimate modeling based on

"--.eSG-ap.:roacb, :he L':=.__---_-or'gIo_ _eIds !s ,-.-=k-npor-ar._ proper'q: cf,_n SG-GCM

-:--_;.on As [-.'._as :_:..=_d out in
.......... "- _ Czenrev!ous Se::ion _ing a va'h:ie-resotution SG-GCM

:_ -_'.:2C_3SeC_ :'3 "- , .;A.,,

.,o ..../'-.e a_.-propriate :_pr_sentaticr. ofgic_aJ large sca_es and their consistent

kzze_crJons with regional mesoscales.

The SG-GCM h-.t...--k-m_tionsta,_--d at 00Z *la', I5, _.988 and continued through Au=mast3 I,

' 2-_.3._",e ,,'=.ode[_roo=c,-Lc and dia-__.cs=[c foldsa.-._ stor._ ever?' 6 hou."_ and used for producing

....... • ='_ =__ folds, i-q-.eSG-GCM _:.-..:=ia:ion is r_zwith :__ surface boundary conditions

::::!rig. Na,-r.ei:,. :2=eNC-P monthly .-..can ar.a[;,ses ._fsoii ..-:'.oisture _,d weekly mean analyses of

_-" , sea sun'ace temFe_rc._), snow', a".d sea ic_ at._ '=sod. _".e GEOS D.-'.S reanalysis products

-':::.::ced ..v:-:, -=-_gleaal -----;form 2 x " ; .ie_ee r._s..-iutica, a.-e ,:sod : zlidat[on oftheSG-- ..C'_"",

12



Oneoftt_ major goals of the SG_ simulation presented in this and the uext section

is to venfy whether tt_ promising results obtained earlier with the SG .-dynamical core in the

Held-S ,tmr_ fi'anaewcrk (Fox-Rabinovitz et al. 1997), will be also obtained for the full _c

SG--GC_L Namely, two major results have to be veri_ed for the SG-GCM simulatiom the

efficiency, of the dowa-sca/ing overt.he area of inr_zrest, and the overall "integrity" ofglol)a/

simulated fields.

Let us start discussing the results of the SG-GCM simulation from comparing the

obtained seasonal zorn/mean vertical dismToutions for dependent variables against those of the

v@g GEOS DAS reanalyses producM for the 1988 summer. The IIA wind component

distribtr_orts are shown in Fig.3, and those of temperana-e and miative humidi_ ha Fig.4.

_'_e SG-GCM sLmutaffon dis_bLrnOr,.s apFear to _e quite similar to these of _e verifying

:earml? ses. t"7..-.e.c<_siffcn _Td swe,n_da of the lets _, both hemispheres are quite well reproduced in

_Te SG-GCM simulancn (Fig.3a and b).The Sour.hem Hemisphere jet co_ (the 40 m/s isoline) is

stronger by I0 m/r,, la,_, and shifted equazorward in the SG-GCM simuIadon (Figs.3a and 5a)

compare5 to "-'-.at e _--_,.,
o. u ....... a2: s,.s (-Fig._). The gosiffve bias (or the deviation of_he SG-GCM

,o,. u-.e :_R-L_._ GEOS a.':.zi'._es_ of [0 ,"v_s :.::_ne 5c.:the_ .... -, ,_- , .'[,.m_. he,. tropics

aro ,u.nd-'--- 3CC--_'CQI-.Pz ia:, er (Fig.Sa). is _ccia_d with _:e equztor-v,_-_ shift oft_Tejet_ The

larger bi_ r.ak_ .circe _.bove i00 h_Pa. A!I the differences result from coarser r_oludon within the

sn'.etched __o-_idfor ",.heS._t.,r.hem Hemisphe_. L'_the better r_olved within ff_e sn'etched grid

x;.w-,hem ,..; . .
, ,elqa-:3_f',eT_. -_. :.=, -'-" ,_'.C_ _""

• j-. 20",idon -'L---=_ ':rr_' _ r t__i._a>are dose to _-.ose of_,e reaa'mlyses

F!z. 3b _.d C-.ebias'-" " "
' ::z..'z) :s smaller. _s :_-.,_.5 ,,-rL.'S.except for the jet core where it is about

5 ,.-,-n

Z',e me.-.dion_.£ wind d[smbutiorls 5:r both tile SG-GCM simuIaffon and the GEOS

',_-_.';.ir, z _-_:. :_ are.e.-'. :iosetoeac'.cC-er!r._.._candc).-D:e-" ;;_,.; ._m .... _ '_'<es _'.2ce in the

_.!r.:-mZ -::e.-._-_--_----.5 .7. S zr.d in both C-.e i:::.7.:d[r.a:. _osit!on in :he tro_:.:s and in the _er_[cal

i,:c2:ion i:_und ZC,] ?'32. All that indicates --at the Hadley cells are also close tbr both the

13
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simulat_l and _is fie_ds. The bias in the Northern Hemi_here is small, less than 0.S m/s. It

is a bit bi_er, about ÷:'- O.S m;_ in the tropics for the 300-100 hPa layer, especially in the

SO_ Hemisph ,e,_ and within the southern polar cap for the lower tropospheric levels (Fig.

5b).

The cold tropical temperature core at the 100 hPa level, the cold polar temperature core

above 200 hl:)a in the Southern Hemisphere) the position of the mm,dmum surface temperature in

the Northern Hc"mi_hem tropics (the 295 K degree isoline) as well as the typical gradients, show

the overa/l close _ similarity for the temperatt_ distributions of the SG-GCM simulation

and the verif'yi_g r_malyses (Fig4a and b). The temperatam_ bias (Fig.5c) is less titan 3(K for the

entire vertical-!atitudinal doma_ with the exception oft.he positive (warm) bias of 6(K around

C_e I00 l-u_2[eve! kn :2-.e_op/cs. Ti_,elarger v,a,-rn bias up to 12(K is conHned to the Southern

Hemdsp. here .ceim- ca.- _':d [c-w.a_ above the 100 hPa level. Same .'kind of_e overall pattern

similar_- ks ob,___Ln_ for relati;-e humidit'y including the positions of the maxima near the surface

_c_ecialIy Lnt_,e Nor,.inem HemL._here (Fig.'4c and d). The relative hum/diG bias (Fig.5d) is quite

smaIJ, mo_!.:- '_,5--2n. i'?-"O%, for uhe entire Nor&era Hemisphere excep_ for _.e polar cap around

;.._(2;_d 2C,.5k _- ;e',e:s. C_.e _i_ is also lax.... up to JO,'_, around 50(S ar 2C0 h.P_ and up :o -

'SG near --.e So,_-& ?:ie aroLu:d 500 h.Pa.

The hor:2on_ dis_bu_ons of relative humiditT.- at 850 hPa for the JJA SG-GCM

simuladom the '._"ri_:--:.g reanaI,.sks and their difference or bias, are presented in Fig.& The

s_mu!a:ed a".d ",_.-.',:,-;-:- -_ ,..-:_
•-a_na;: ,,_ fields (Fig 6a _d b) show" _he close sim[ia,,_ D- with each or.her,

e,z._-eci_Iy i.".:he Nc,:"2=e.--..He.'7_.ere. The bias (Fig.6c) over r.he area ofimerest and its vic[ni_

is s,.-.alI, mcs:iv " 5% _-.d L'e!o_v !adicating tha: r2=ee_cient down-scaling r.a2_esplace for the area.

'°' (3"' '

.-..:.'.eugn me pa=e,-,_ :vet r2_,e-%uthem Hemisphere are also quite similar (Fig.6a and b) the bias

,F!_. 6c,is !_,-_--:..,- -:.,. of:he Yo_he,,-n Hemisphere.

_=e _r_sen:ec. J2._ res_i- sho._ tha: r_-e =vera[l --_ -_.
• --. l.... _m-:,_,ofg!obal r_e',ds is preserved.

:=..c,s:i) Cot r,i=ece=er resei',ed ,._!%',in:he s_-etche_ g-rid No,hem Hemisphere. The larger bias or

,o
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the deviarlon of the SG-G_M simulation fields from those of the verifying reanalyses foe the

S_t_,ern Hemisphere. does not seem to directly negatively affect the results over the area of

interest. We also have _o realize that some deviations are not related to using the SG-GCM but are

inherent to tile basic tmifonn grid GEOS GCM.

°- -°_

4. Re_'oeal fields for the 1988 U.S. summer drought simulation with the SG-GCM

In this section, we will discuss the regional fields representing the drought. For analy-------_ngthe

down-scaling efficiency, o,,_- the area of interest we compare the SG-GCM and the 2 x _ degree

refe_n_ UG integrations _ the GEOS DAS verifying reanalyses products. For the

vaJidation purposes, we wilt mostly use the lime 1988 mot_tly mean characteristics and a/so

• cse of--.e r,_-o mon_ L--oc__S'_tpedod l_-om May I5 _'oJuiv 15, 1988.

Ti,-.ee._ent of±e a.r_cmaious drought is shown by the anomaly disn'ibutions for June 1988

for ::_e 50,3 b.Pa hei___htamd ._tal p_cipitation fields .(Fig.D. The anomalies are calculat_ as the

diffe,-enc_ betw_n ra:e .-notably mea.-, obtained from the GEOS DAS reanalyses and the Jtme

cl ..... _.:,_.. The I963- ;95 :ILma.:oiogy is used ."or ¢aIcMz:ing rile precipitation anoma?-.;

_:.g.-a, :-:_ :i-.a: of !9_:- _.9<5 r::: --.e 500 b_a hei._h_ anor-alv (Fiz.7b_. E,-:e NCEP _,_,---_

t r.e s-a'ong pes_;e =--,-'.omalyfor the 500 b_Paherons over the U.S. and Canada ."_'=_ching

up :o 120 m is accom.c_-__je,_,b', t'wo negative anomalies, one on the east coast and another just off

,5_e.,es: :c._-_ bo__,re_i----.g ._,_:o -50 m (Fi_ 7_ "E.:e sarong nezative _,-; ;- "• -- -,- _ .er..,_,rat.on anc.mal.v ¢r

"he i-ou_-.: _-ea is !oc=_.:.._---.._szlvo_e.- the Mississippi River basin reaching up to -2.5 r'-_.-r,da',

ffiz.-a_. T-.-e n <, i
• - _ _.,._r:z._,, over t,he Mississippi River is a strong _omatous regior,=', clima:e

eve.-.: _e.g. -V.o:.-e[ewsk_[;33. Janovvig< 1988). Tir:e more m_erate =oshive rainfall anor-_a!y

......... e ......... -,- . over :he sot-d-.-central _-z.'zof the U.S. The Midweste.-7.

_rc__z._: _-e._ ai-_q prec::.zz::_-- !ess :h=_ ! m.,'7"Ld2". !Ssho'a: in Fig.7c.
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a. The 500 hPa hei_ht fields

Let us compar_ the 500 kPa heig_ regional _ pmduc_ by the SG-CrCM simulation

against the GEOS DAS verifying ana/yse_ The two momhs mean field obtained from the GEOS

DAS (Fig.Sd) shows that the anoma/om _ event ks _ by a strong ddg_ over the

central part of'the U.S. and Canada and by two smmg troughs located on the east and west coasts.

Such a pattern is consistent with the sawong anoma/y, shown in Fig._.

The two months mean 500 hPa height t_eld obtained fi'om the SG_ simulation is

presented in Fig.ga. It exhibits the major parr.era similarity to the GEOS DAS restdts (Fig.Sd).

Namely, the SG-GCM simulat/on ('Fig.Sa) conta/ns the ap_priately positioned ridge and two

trou_.s a/though _e features _ [e_ pronounc_ uhanthoseof the verifying analyses (Fig.8d). It

seems _pro_da:e :o emphasize _',._ -_Js is a _siu',e :_uh for t_he_-'c'aigh_ar,-ard ,.'v,omonths

sim'.:ia_on. To _s it qttan_. ...... :, the bias cr de'.iadon of :A:eSG-GCM s/mu/anon (Fig.Sa)

fi:orn _ne ver;,S/L-:.g_malyses (Fi_.td) _s shown knFig.Sb. The rr.__ximum neg_dve bias va/ues

reackkng -60 m _o -80 rn are cora;,ned _ the _tanvei,,- small area Lmmediateh- adjacent to the

cen=-_- __an.ef _-.e =orr&.em ._e,-_da.--,- of _e __vezof kmeresr.. Over the :emai,_Jng larze yah.. of the

arez -::,"'e-_:. C-.ebizs v£'_:es z_-__ -. ' --_::_-_".d of,_".e........ ,.._,C_ _ "" _ . -....... __-e c_erent si___. _-:e =,.as _.ere is

mos:i. ',vithL--.:_--_-20 m to '*_, ,-:,-_ _,...... _-__. Tr.e bi_ eis=-.bufien _s co_sis:ent w!-.h but defir,,i:ely

_ma;..r _.an :he 5_'=e 1988 _.cm_v L_ig.7b).

Tr, e _i_ for the ,_'_ ....
r....... c, :"u or rd_.eUG-s/mu[ation is _resen;ed in Yig.Sc. r: is negative

over--.e en:-_. _ _ ofinteres: _-_ :s -_ ";-,-
....... c .... _ -: _ m..=or the :L-ge L-ea sou'A of r2-._minimum,

,- _: .... _;_._;- -.._ .. .
_ e _._ ._ -90 m, :o -.',s ..-:.._-':_e L':d :" :s goi2_ do',__ :o --C, m to -2'3 m o',er the

._-., ...... area of i=:e:_=. - :'.e even'.'. LG--:imulati,_n bias (Fig.So _is a_roximately

_vo ":-.es __ _er =', magnitude "h_n that of'2".e $G-C.C.Xd simu!ation _?ig.Sb_ _nd is comparable

'-'.it- :ze ,r'=:'.e'.45] znoma[v i _ : _ --_ _ :_--':"_':S£::'_S":'_" :4"_eSC--GC._,[sim=:z:]on !s de:],ni_ety

,:loser :: :ke •ed.=-!.",z_,naI:,ses :::z.". '.=e refere,".:__ LO-si,,-'.ula:!:.-: 5or 5'30 k2z _'.eiZc'_s,

=-.-.-

._2. _,

° _.
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We compared the 500 hIxa regional verifying analyses with !x2.5 degree resolution with

&e aewly, developed GELDS SGoDAS analyses with 60 km reg_ona/resolution_ They appeared to

produce the similar _onal pattern with the same location of the ridge and two troughs as those

shown in Fi_gd. The biases prtxiuced again_ these finer, resolution analyses are of the same

magfitude as shown in Fi_gb.

b. •,_pitation

Obtaining the realistic precipitation pattern is evidently the most important goal of the

drought simulatiork It is also the most difficult field to simu/a_e due to the comple._ty of the

pr_e_s. Therefore, when anal v-zing precipitation distributions, we have to concentrate on the

major 5_-n_Tes. with _':.eclear underw.._,ding of inevitable I/mgtaticns of r_,e su--ai_rforward two

moe::_ si_ulaffon. _.e im'_e I988 monthly mean Pr_i_i:affon fieMs _d biases for ltme 1988 are

.._-res_ L-_Fig.9. The _recipitat/on pattern produced by r.he GEOS DAS (Fig.9d) shows clearly

f-.e d-._-_t _,_..a for r.i_eMississippi River basin. The mh"Amum (Iess than I r'.ma/day) precipitation

"-_ k_ic_:z.'._ ha _,e zor-.hem _ of_e basin. _.e r._duced ._rec[_iu:iov, occurs over the major

7a----=£-_-.e?.c_:.b, mc,:.r.__L-.s. A _'c-, _-
- _.,-n_.. 7reci:iza:._cn. " , r'.-7_da:. :s obui_ed over r.he south-

:::7-:_!. sc.'_-Z-.-e_=:_--=_.:i.nor'_-:vestem par-_ of_he US -E,_s preci_itaffon Fa_em is consistent

'._:'_' :5.e .:r_i_i,taffon :-r,cr:a/v _d precipitation patzem shou,-n above (Fig.7a and 7c). It is

,':otewor-dny that althous__ja,:,SeD.AS precipitation (Fig.9d) shows some deviatiortstbiases from the

""C'E_ --'_"-"_prec[pi_:for:. ILFiz.7c) fine',' are Iocated moszlv ou_ide or <':,edrought area. The,: do
_" [o " ..

=c: -___. _'Yec: sI_.iffc_-:rA,, our =:scussion of:he SG-GCM drou_sht _imuhtion.

t ,-e 7r_p_ta::on .-a_-:e,_.,'abuined from r_e SG-GCM simuiazion (Fig 9a) shows the
• . . . .

,.-.:.-'.z_ ,a,-_ reduced pr_F_ta_ion" beiow 3 mm,'day, over <_e major drou_,t area, the northern

- _._ _s_-_-, _',e: :as:.-:.. Over :he major .:a_-zo ..... Rocb... moun_ai.-..s, precipitation is

.-e:_:_!. A -_---2:'._z.--'ez!.=h.z:!or.. :--2:o "-5 :'r.._ ._,- takes :lace over "_, so-uth-.zentrai, eastern and
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north-western parts of the U.S. All that makes _e precipitation pattern obtained from the SG-

C-CM simuladcm, quasi-c_.tis_c.

Tke v'n_'qphat_on biases or deviations calculated against the verifying dia_ostics

p_dtlced by the GEOS DAS, t'or the SG-GCM simulation and the reference UG-simulatioa, are

inFi_9b and F_g.gc,correspondin_y.The SG-GCM simulationbias('Hg.9b)iswithin

the 2-3 ram/day range ov,_- the drotu._ht area and is definitely smaller than that of the reference

UG-simuladon rang_,g _..ere fi-om .3 ram/day to 6 mm/day (Fig.9c). Such a significant bias

reduction for the SG-GCM simulatioa precipitation compared to that of the reference UG-

simulation, is an important indicatioQ of an efficient down-scaling obtained for this anomalous

¢_t ev_t through ,:i_eSG-approa_h.

c. Low le,,e! jet

-H,_.eiow levei -_ .ZLJ] mak_ a si_./Hcant contribution to the drought formation and

sus-_'-'_.ace. _:s adeq ,ua:= -'=-.'=-r_entat/on is i-m.:or-,-,nt for a succ_sthl regional climate simulation

of_hea_omaious eve,-,.-._

T_-.e_Z5 _-_,--..:------Lvm,'--'. " -..c_ fee J'une t gSS representing _e LLJ for the SG-

C-C.X.rs/m::i--:!c,-,_+C-.ere:'_.__.-.Ce L'C'-skT..ula:te__ _.d for the ven_in_ GEOS DAS reanalyses, are

show in F]z. ).0. Accc_ :o the verii_: trig _-.aivses (Fig.10c), the southeastern How

ag.proachhug Texas fi'om ±e Gulf of Me:rico -_-'-dualIy turns clockwise. It becomes a

gredcm_a.-.Q,- sotr'd'.e,m. :7:,a,-e_: ofu_e Roc._., .':'.,o,.mtains or over the western par:, of the

-x.Es.<ssi.-.-i _ :,-_- _asi.-..
• . - .... _-.e:-_.e cer:.z'ai _c -_-e,-n, pa_ of C-.ebasin, _e flow is weak.

Sucl-. a --a_e,m, :_:-_ica!iv ;veil :eprcduce,d in the SG-GCM simulation (Fig.10a). The

sou_-e_- .Cow ore: --e C,uifof Mexico t'-'.':'.sclockwise and becomes hhe southern flow over

Te:c2s and e2.s: os,-i_e R:.:,.-. Mounta.L-.s ._i_. -,:-h the direc:!c.-. _d -_# -; . "
• " " _,,.-_,_, s_mEi,._rto those of

"2--e"-_'!.-__ :--"-2[?._es - _ []-_. TLe '._ezk .-'.:.. :',e: the cer.::z! and e2s:e,m, par. o[the

?,Esslssi_c: ?_,. e: basin y Z. : '7'a.>iS aJ.SOSimii2.- :O :d'_atof tlne "erit:ying analyses Fig. IOc). Even



otmidetheareaof inter-e_ for the immediate vicinity, of the U.S., the _ simulation wind

velocity,- is .Quite similar _o that of the veri_,icg analyses, with the e-xception of the flow over the

central and eastem Cam_a.

However, theLU patternfortheref_-enceUG-simulation(Fi_10b) iscompletely

differentfi'omthatof theverifyinganalyses('Hg.10c)overthedrougtaarea.Thereisno southern

flowIoca_ eastoftheRocky motmtains.Imtcad,thesoutheasternflowcoming from theGulfof

Mexico to Texas turns westward. As the result, the strong westerlies flow throu_out the entire

drought area and further east. Such a LI.J _ for the reference UG--simulation (Fig.10b)

appearstobenotas maF_mic as that oftheSG-GCM simulation(Fig.l0a).

Letus comider r.owthediurnalLLJ w_-riations.The r,,ocum_LU ischaracterizedby the

ma.xS_murn _,L",ds taking ;[ace _-ou.nd 3-5 a.m., '.ccal time). To show C_e di,.u'naI v_-.tlazions, the

mond'flv _,-_ whad ve-c'..crs =_e ca!cul_ed for S0Z ?--..d12Z. _.ese O0Z _.d 12Z monthly means

over[a._-...-edfor com._-Sson purI_cses, and 7r_ented in Fig. 1 t. The overIap ced '#Lad vectors

are_ _ -_b.zTed for the _t;-r.he_,__em low comM_ from the G,,-dfofMex.ico to the western part of

he _ou_-: ,.--_ The 6mz ......
- _ _ , -arancn corres-c._cnds "o the I2Z monu_y _e___ _-.ndr.he Ieft "v"-

_-r_ch -o --_ CC'Z mcr.l-v .-..ez._. r.. :,he z,-__ :-:he _ _ "
_ou_-- ,2Z ccrres:er,_s :o -5 a.m. [ocz:

:L'ne %r v,._-:h C',e no¢-_22_ ! LLJ ,.vir.6s are 5LT.:csed to be _onger r_-.zz-.:hose of COZ or ~5 p.m.

"E..-.ewh-zd vectors obtMned from the :efi_ing analyses (-Fig. I Ib) for the LLJ east of the

_cc',¢, mc'-._-__aZ;r.s,are-,:-.-_,4- ,_--- c[eckw!se from "-_ [e_ 00Z ", ....
, ,_,,, v -branc,..

,on_,, -:2.-. ".:-.eOOZ c-es :_ :-.----, ,-_

.-.cc.":_ai L--. z_';is _:.... -
m.; _: -e_7:.-e _ -_eii _ ,-_ z_o,,e clockwise ratazie-. _-e well :eFroduced in

--._ c,G _,
.... -GC... simulatior. ,7i_. ! i a). _ne whole .-znem for _e SG-GCM simulation is cube simii_-

-o <-.a: of:-e ,e_,in__ ,-:- ses _Fi_ " i, and _ W.-.epatter-,,, ?-_d .'_'_ ace',e -eamr__s _',er the area

............ xc'.s_'.o_vn_....!-_-.-_ C .... _ ....:,es:erliesover

-.c-
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the drought area (Fi_ 10b), ar_ significantly different fi'om those of the verifying analy_:s

One of the plmmibleexplanations for the diff'erenc_ between the LI.J patterns obtained

for the SG_C'M simu/ation and the UG-simuladon, could be the fact that omgraphy is better

resolved for the szretcEed grid than for the UG within the area of _ As the result, the SG-

mountains are prtm'ucmg stronger blocking effects for the flow coming from the Rocky

mountains into the drc_ght ar_a. The weaker blocking effects for the UG-simulation result in

strong westerlies developing over the drought area that is not supported by the verifying analyses.

Similar results consismntty favorable to the SG-GCM simulation vs. the UG-simulation

are obtained for other model fields and dia...Dao_cs.

d. Ex:ended s_u_a_icn &nd do_,_.-scMk',g _ffec_

Lne SG-GCM _..... l,.L,on ';,as ex--_-nded :o one year to ver_- whether the positive down-

scaling effec:s disc ,us_ _-bove wLil persist ;,n longer inte=_"-atior.s. This is an important issue for

._otentiai applications c--ae SG-_roach to tong-term cl_ate and climate change re#onal

2.S SeS ¢,/'7,,e,"l_.

The e:cended -:!--ub-:ion .=esui_ _-e _resented for dae winter season or DE: (December

t988, Januar,' _,':.d Fe_.r-.._?- 1989). Note d"2.t the qualitat,.'ve!y s.:milar results _e obtained for the

f_J! of" 1988 ar.d the spr._g of 1989. _qe overall Lntegrity ofgIobai fields for D_ is similar to that

ofJlA greser..:ed in Sec-.-an 3. We ";,ill r\',cus here on discussing _,e _ona/de'.vn-scaling aspects

:br DJF.

The D:7 LLJ :-- :ke SC-CCM sim.'.:la_icn and the reference UO-run are compared

aa'__ins: :.'.-.eve-_.k-:g C-EDS DAS =-_l?ses in Fig. 12. The LLJ" for the SG-GC*I simulation

F:_ ]_ ..... _ ::-.e yen::..._ ..... . _=".......... -- _'_:', s_s _Fiz. i::_ are close to each other. Both pat:eros contain

S : : : : g S ':: 1: : _ e =" Z '_ II _ " : : = _ : _ } :' m : I ': [ ' C" : " ' [ e J ( ' C 0 1 _ne UC-cnn has :'ailed to re:resent "his

i.-..:or:an: r_ar::e and -:::'._s :_i:, :-.e '.yes'ethics prevailing over :he region eas: oithe Rocky

2O



Mountains (Fig. 12b). The _c variable biases for _t model levels are consistently

smaller for the major .mlartof the re,on by approx_nate[y 30_/_,0% for the SG-C_rO, I simulation

compar_ to those of the UG-run_ The biases for g50 b.Pa temperamr_ _ pr'_ented ha Fig.13.

The SG-C.-CM simulation has smaller biases (Fig.13a) than those of the UG-rtm (Fig. I3b) for the

region east or'the Rock-y. Mountains.

To cominue the bias discussion we present the _obal zonal mean DSF biases calculated

against ve_g ana/?-sex, for the 925 hPa mendional v_2nds and 850 h__ specific humidity for

the SG-GCM simulation and the UG-rtm (Fig.14). Over the region of_ (125W to 75W) the

SG_ simulation biases ar_ predominantly sma//er than those of the UG-run. Otttside of the

_-'ea of hate."._'_._he UG-r,.m biases _ mostly s'm_er. The SG-biases in the S. Hemisphere.

-epend on cce.-se: r_cit..-_.c.", wi_m he s'_erch_d _o--_,dcompa,-vd :o _'tose ofu_e bev,er resolved N.

-[emisphe_..adt :Szatshe';, s 2:e sig,zificant dependence on lcw-aL:e_on_ msolution for rdqeSG-

C-CM simulaaom

The te_d_.aze razes'don to ask cor, ceming _.'_ebe_er skJIl SG-GCM simulation whether

--=ee_cient do'a_-sc_z :o m_oscaI_ wiiI be seen in seasor'al .-nea_ fdds. In o_er wor_, will

:!-.e zve_g:,-.g 51:e: c_-. ,-! "--.e.--'_oscae s_=cv.:.-es :rod=ced :- -_ :z"_-_e 05 i.:'.e'-_-__:_ener they

:-e ;e_isze_. er.c,_'_z :c _-__-e::seas,z_al :kT.e sca'._? Gne 925 _ D.rF ,--: :-,-- ,.:.,c,: fields for the SG-

CCM sk-nuIaEcr. _-=d2-.4 UC-v.m aze presented L=Fig. 15. The mesosca!e _cc_,.zes are produced

fcr the SG-GCM simulation over _e Appatac.hiar_ _.-td the rest oft,he re,on east of._'ze Rocky.

-_,5,zuntai,"s (Fiz. !5__'_.Or5:- sv:'.oetic -- ,_ -
• - . _,.a,_ reav.:.rm =-.-eproduc_ for the UG-:,.;= ': '" " ,,_g. aSb).

2-eza'.zse _,"::-._ :e-e." :-_::a: :!i...a:e -' '"
.... _:<::_5zr _:e 5G-GCM s;-mu!azion , _ ccr.c!ude <nat the"o" .

:-'a - -_a' .....

........ ..c_c .... er2:anced :ez_ona: :-_soiu'.ion :-_sui.'.ed ,,n

_.-e, re_ov2! S:"_,,_-:-,-

-L.
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5. Conclusions
i

The de.loped SC'-C_.rCMis the new tool forproducing enhanced resolution regional (not

_obal)c[tma_ simulations. The hypothesisverifiedinthispaperiswhetherthepotentially

positiveimpactofz_r)_-4entmncedresolutionprovidedforprognosticfieldswithinastretchedgrid

overther_g_onofin_ can counteractthepoc_nfiaIlynegativeimpactofa _lativelypoorly

resolved flow coming _ the region. Actually, a "working compromise" not a "perfect solulJon"

is sought for the r_g_'on ofintcr_ when applying the SG-approach to r_monaJ clima_ modeling.

The results obtained in _e study, show that the developed SG--GCM provides such a "working

compromise" so that l:bc SG-GCM regional fields are closer to the verifying analyses than those

of the _fer_ace UG-nm. Also, the efficient down-scaJing to mesoscales is obtained over the

_on of inte:-_ for _e SG--GCM simulaticn_

The foiIowmg conci_cr.s _ arrived at as the r_utt of&e study.

I. _'_e va.dable ,"_olution s'_etched-_dd modeling _groach is in:oduced to the GEOS

GCM ',vizh rZ-2--.-"-di_fferencedynamics for rd':ere_cr.al climate simulation mode. The

",_--.a_'_er_oL__cr, s'ce:c.:'.ed-_d version of me _-22",diabat[c GC*[ is -eveioped mad

succ_srh!iv .'-_---_din, :he simulation mode.

2. _.e _--n'ai_nffo_ard cont.;nuous (with no updates) sn'_etched-grid GCM s[mu/ation with 60

_oP.eJ r.__,3[,_on is nerformed for the I988 SUTnmer. The s_-sonal global fields

show :he over'a2! _oba! [nte_cri_' th_ is necessary :'or __nadequate representation of

cor_<s:e.,:.: ir.te-_on.s ber._een global _,d r_ional scales.

2-. _qe .rT__tched-g! d GCM si:,u',a.qon or'_e a_:omaic_ climate event ofr2ne 1988 U.S.

,um-_., drou_.-, shows :he e_cient dov,n-scalin_ over the remon of interest_ The SG-

, ..... :.... - .--=-sulr.s__-esi_ific_'-.:i,:- c!oser to :_:ose of the ve,-i,_.-ir.g analyses than Cne

:es:i_ _:-'--_ :_.:"-rer.ce ...... C_e " 2.5 "
..... - :Te::.ment '._:t2 _!oba x deg"r, ee ':ni:,3..-_. _-'_--{dv,, ir.2_ the

same 2.."r'.c_.-.: :..- c{d pe{n:s a.5 for the sa'etci':._,_ _--.-:-

"I'9



4. The major drought charactcd_cs such as pr_'c'_pitation, the 500 hPa height pattern, and

the LLJ, ar_ successfully r_pr_sented in the str_hed-grid GCM simulation_

5. Similar positive down--scaling effects are obtained for the extended to one year

simulation. It shows that the SG-approach is valid for long-term regional climam

simulation and related applications.

6. The obtained results show that the stretched-grid approach is a viable candidate for

regional climate sknulation studies and applications.
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Figurecaptions

Fig.I Thestretchedgridwiththeareaof interestovertheU.S.

Fig.2 Instantaneousfieldsofthe850hPaspecifichumidity(SPHU-850)for(a)theSG-C,CM

simulationwith60 km regional resolution produced by model dynamics and (b) the same field

interpolated onto an intermediate uniform resolution grid used for calculating model physics. The

contour interval is I _kg.

Fig.3 Seasonal (J/A) wind component zonal-vertical distributions for:. (a) U-wind for the SG-

GCM simulation; Co) U-wind for the GEOS DAS reanalyses; (c) V-wind for the SG-simulation;

(d) V-wind for the GEOS DAS reanalyses. The contour intervals ar_ 5 m/s for (a) and Co); and 0.5

m/s for (c) and (d).

Fig.4 Same as in Fig3 but for temperature, (a) and (b), and relative humidity,, (c) and (d). The

contour L'zte_als are 5 K de_ees for (a) and Ct_)and 10% for (c) and (d).

Fig.5 Seasonal (IIA) zoraI-vertical bias distributions or the deviations of the SG-GCM

simulation Hetcts fi'om the t;ne GEOS DAS r_mlyses (both shown in Figs. 3 and 4) for: (a) U-

wind; (b) V-wind; (c) tem.ce:"a.rure; and (d) relative humidity. The contour inter,'als are 5 m/s for

(a). 0.5 .'-_s :'or (b): 3(,<. for _:!: _d 5% for (d).

Fig.6 Seasonal (JJA) hotS.zonral distributicas of relative hum[dire at 850 h.Pa for: (a) r2-1eSG-

GCM sk"aulation; (b) the GEOS DAS reanalyses; and (c) the bias or differences between (a) and

(b). The contour interva!s are 10%.

Fig.7 :_-) Precipitation (b) 500 hPa heig_',.t azomaIies, and (c) NCEP _,aw, e :reci:itation for June

i988. -E.-.e:ontour inter',a!s _-e 0.5 mrrb,'dav r_r (a), "0 m for (b), and I m_'da? for (c).

Fig.8 E'.e two month me_,_-.(May 15 to Jul,: iS, 1988) 500 h.Pa heights for: (a) .'-"reSG-GCM

simuladc_: (b) the SG-GCM simulation bias: (c) the reference UG-simulation bias: (d) the

verif?'ing GEOS DAS m':al? ses. The contour in:e_al is z0 m for (a) and (d) mad 2,? m fo- (b) and

3O



Q

Fig.9 Same as/n Figs lazt for month_ mean (Ju_e 1988) precipitation. The contour interval is

I ram/day.

Fi_ I 0 The mom/a/y mean (3tree 1988) wind vectors for the 92_5hPa level or LL2 for:. (a) the SG-

GCM simulation; (b) the r_f'er_mce UG-simulafion; (c) the verifying GEOS DAS r_ana/yscs.

FLg.I 1 The 00Z and 12Z monthly mean (lune 1988) wind vectors (overlapped) for the 9o_5 hPa

level for:. (a) the SG-CrCM simulation; Co) the verifying GEOS DAS reanalyses.

Fig. 12. The _asor,,al DfF (December 1988-lanuary-Febrtmry 1989) mean wind vectors for the

9o-5 hPa level or LL2 for:. (a) the extended SG-GCM simulation; (b) the extended UG-simu/afion;

(c) the verifying GEOS DAS r_malyses.

Fig 13. The seasonal DfF 850 hPa tem_ biases calculated against the GEOS DAS

v_,_L%-kngana/yses for:. (a) the e.'c:ended SG-GCM s/mula_on; ar,d (b) t_e e._ended UG-

sk,_u/a6on. The contourk_tewa[ is0.5de_o-,_.eK.

_ 14. The D_ zar_ mean biases calculated again_ the GEOS DAS verifying analyses for the

e._-mded SG-GCM sLmulation (open circles) and the e_ended UG-nm (dark circles) for: (a) the

9"_5 hPa meddior,__2 wL".d (%"-925); and Co) ._.e 850 kPa s_eeific h,_midity (SPH%-850). _':.e u_Ats

L-s --. sec _-.c z .<z :or "_'-.ems_-_iona! ',v:c.c _d s_ec_fic i-.,.=.'nidir,. :orr, es-ondinz_v
• . y _ . -

F!z. '. 5. C_,e se_cr.ai D;F 9"5 ?-?a vo_'_cir:- ,':._:: (a) :Ae e._.snded _G-GCM sir,:'_'!a6on; av.d b) the

ex-_nded UG-sk"="_arcn. t"_e contour interval is 10_ s_.

31



_==-=

I I

I



SG(6OKM) 06Z" 2/15/1989 SPHU-850

..: .... _ ......... :........ :.j...
I

I

I - ....... !+,
I

• i

! +

.... __ /_+..... ;.....+
"+...... 3 i ......... l.. .... i-..

l '
.%

\

I05W

+

• i " /



z

E._
C._.

p,,j
O
Z

E_



t

_3

3b
0
oo

3_

_r_

r :

Z



),,

°°

),,

• 2.,.."



....,j

i,

i'"t

7.=

O-
Z

F'-"

I k z

_t

/

J



_j

o

°_

R

I l

i
!

/

\\

/
J

;' /
/

/



3_

°°

3_

,Lh

..... . °

/
/

\
\

\
\

O0
CO

/



z



]b-
0

°.

0 0 0 0 0 0 0
_0 0 0 0 0

Od
(3

..3

a_

!

Co
Co



o
4h

3:-

_°

................... _.__..._...i_-.-".....
CO

Z
3>
(---

Z



°°

¢,;"1

: "-",.------._'__o

--_ -_

o

O0

::::13

z ..................... 1 ........... . .... i



,6

I .

I

0

• ' I I

I ; % , -" "- .--

) , ,_ ._k

........!,.,:.,--!.......i................-"...... __\ '..,

• : : if'

i i i _ I!

........:.......i ....:......................................I J,!,"

z

"o I

r'

z

L_.

S

_3

o.





r.rl

- -.._.._..

-_-

• I

!

G0

\

/

CO

0



%0

I

0

I

o

!

I

\0



)
Z

O.

oJ

0

3

7-

O0

0



6 o

(1) R(:iinfdllAnomaly - June 1988
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b) 500 mb Geop. Anom¢ly - June 1988
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(o) DJF 1988-89 ZONAL BIAS V-925
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